The objective of this study was to develop prediction mathematical equations to compute reinforcement steel quantity in traditional residential buildings based on 158 sets of data collected in the West Bank in Palestine. The records related to the quantities were collected from consultancy firms that provide reinforced concrete design services. The data were collected for residential buildings up to four floors. Linear regression analysis was chosen to show the correlation between the included variables. The following variables were used in the regression models: quantity of reinforcement steel (dependent variable), structural element volume (independent variable) and floor area (independent variable). Fourteen models were developed; nine models were developed to compute the quantity of reinforcement steel in different structural elements: slabs, beams, columns and footings. The other five models were used to estimate the total steel quantity in a residential building. The coefficient of multiple determination (R 2 ) of the developed models ranged from 0.70 to 0.82. This confirms a good correlation between the dependent and the independent variables. The accuracy of the developed models was tested using the mean absolute percentage error (MAPE) test. With MAPE values ranging from 21% to 36%, the results compare favourably with past research that indicated that accuracy between ±25% and ±50% at the early stages is acceptable. The results also show that the models built on structural element size have better accuracy than the models using floor area. Such types of equations are very useful, especially in their simplicity and ability to be handled by calculators or simple computer programmes.
Introduction
The construction industry is considered to be one of the most risky and complex industries. However, the industry plays a major role in the development and achievement of society goals. It is one of the largest industries and contributes to about 10% of the gross national product in industrialized countries (Navon 2005) . In Palestine, the local construction industry is one of the main economic driving sectors supporting the Palestinian national economy. However, many local construction projects report poor performance due to many causes, such as lack of labour and cost estimates, nonavailability of prices database, nonavailability of materials, excessive amendments of design and drawings as well as poor coordination among participants (Mahamid 2015) . In spite of the challenges faced, the construction industry in Palestine plays a basic role in providing homes, public facilities and infrastructure for economic enterprises, in addition to its role in improving the Palestinian national economy as a whole (Enshassi et al. 2006) . For example, the gross domestic capital formation in the Palestinian territories rose from US$10.8 million to US$520.3 million between 1968 and 1987 , and this was primarily attributable to the contribution of the construction industry, which was in the range of 43%-82% during the same period (UN Committee on Trade and Development 1994). The Palestinian construction industry also plays a great role in the absorption of the Palestinian labour force as opposed to the manufacturing and agriculture industries. The construction industry share in the employment of the Palestinian labour force has increased continuously. To demonstrate, the volume of Palestinian workforce working in the construction industry in the Palestinian territories and Israel increased from 23,900 workers in 1970 to 97,000 workers in 1993 (Enshassi et al. 2007 ). Meanwhile, the Palestinian workforce in the construction industry in 2000 comprised 19.7% of the total volume of the Palestinian labour force (Palestinian Academic Society for the Study of International Affairs [PASSIA] 2002) .
In most construction projects, the project must go through different phases. In general, the project life cycle Highway Department for long-range cost forecasting. Mahamid (2011) used bid quantities of road construction projects to develop cost prediction models in road construction projects in Palestine. Abu Hammad et al. (2008) developed regression prediction models for building construction cost and duration in Jordan using real data of 140 projects.
This study aims at developing prediction models to compute reinforcement steel quantity in traditional residential buildings based on 158 sets of data collected in the West Bank in Palestine. Such types of models are very useful, especially in their simplicity and ability to be handled by a calculator or a simple computer programme. It has good benefit in estimating project material quantities at early stages of the project because the required input could be extracted easily from the sketches or scope definition of the project. Figure 1 shows the method used to achieve the study objective. The method can be summarized as follows: 1. First of all, the study objective is defined as follows: to develop simple mathematical models to compute the quantity of reinforcement steel needed for different structural elements of residential buildings. 2. To achieve the study objective, 158 sets of data were collected in the West Bank in Palestine. The projects were implemented over the years 2012-2015. The records on quantities were collected from consultancy firms that provide reinforced concrete design services. The data were collected for residential buildings rising up to four floors. This is because most of the residential buildings in Palestine consist of four floors or less. Consideration was taken to have approximately equal number of projects according to number of floors: one floor (40 projects), two floors (45 projects), three floors (38 projects) and four floors (35 projects). 3. The variables to be included in the mathematical models were defined: quantity of reinforcement steel (dependent variable), element volume (independent variable) and floor area (independent variable). 4. Linear regression was selected to be used as a tool to show the correlation between the included variables. Excel statistical tools were used to perform regression analyses and to test the significance of the model. 5. The accuracy of the developed models was tested using the mean absolute percentage error (MAPE).
Research method
proceeds in the following stages: from the owner's planning and budgeting phase (preliminary phase), through the design phase when the design and specifications are prepared, to the contractor selection phase (bidding phase), and through the construction stage of the projects to the handing over phase when the project is completed and turned over to the owner for use (Holm et al. 2005) . The preliminary stage of the projects is very important for the owner because he/she establishes a conceptual estimate, schedule and programme. In addition to that, the owner takes the most important decision of whether to proceed with the project or not (Mahamid 2013) . Therefore providing the owner with accurate information about the probable cost of the projects is critical because it affects his/her decision. In general, cost estimates consist of estimates of materials, labour and equipments. However, a good estimate depends on many factors, including a wide range of assumptions regarding the project (Jrade and Alkass 2007) . Thus, estimate of required quantity of construction materials with good accuracy at the early phase of project development is crucial for accurate cost estimate.
To build a residential building, the quantities of earthwork, concrete and reinforcement steel required to complete the project need to be estimated (skeleton). Getting an accurate quantity estimate will be helpful in planning for the cost of materials and labour to build a residential building. According to Ahuja et al. (1994) , estimating is the primary function of the construction industry; the accuracy of estimates starting from the early phase of a project through the tender estimate can affect the success or failure of a construction project. They also pointed out that many instances of failures of construction projects have been caused by inaccurate estimates.
In spite of the importance of prediction of needed construction materials in construction projects at the early stages, very little research has been conducted on this topic. However, a number of studies have used quantities of work items in construction projects to develop cost and time estimate models. On the basis of 286 sets of data collected in the UK, Lowe et al. (2006) developed linear regression models to predict the construction cost of buildings. They identified 41 potential independent variables, and, through the regression process, showed five significant influencing variables, such as gross internal floor area, function, duration, mechanical installations and piling. Bell and Bozai (1987) used work item quantities per road mile to develop multiple linear regression models for the preliminary cost estimation to be used by the Alabama 3 Results and discussion
Quantity of steel as a function of structural element volume
Once a set of probable predictors were identified (Table 1) , nine mathematical models were developed using the linear regression technique (Table 2 ). These models can be used to determine the quantity of reinforcement steel for each structural element in residential buildings at the early stages of the project. The structural elements included were flat With R 2 value >0.70 and P-value <0.05, the results show a good correlation between dependent and independent variables and confirmed the statistical significance of the models at a significance level of 0.05. The developed models are of the following form:
where Y i is the reinforcement steel quantity for element i (kg) and X i is the volume of element i (m where Y 10 is the total quantity of reinforcement steel for residential building (kg) and X 10 is the total floor area (m 2 ). It can be seen that Model 10 has low R 2 value. Therefore, other models were developed taking into consideration the number of floors in the residential building. The results are shown in Table 4 . With R 2 >0.7, the results indicate better correlation between dependent and independent variables. Table 5 illustrates some examples to estimate the total reinforcement steel quantity for residential buildings.
Testing the accuracy of the developed models
The MAPE was used to measure the accuracy of the developed models. The following formula was used to compute the MAPE (Lowe et al. 2006) :
where A i is the actual value, F i is the forecast value and n is the number of fitted points. Table 6 shows the regression models developed in the study. Fourteen models were developed to estimate the quantity of reinforcement steel in residential buildings; Models 1 to 9 can be used to estimate the quantity of reinforcement steel in structural elements (i.e. slab, beam, column, footing,¼ etc.) based on element volume, while Models 10 to 14 can be used to estimate the total quantity of reinforcement steel in residential buildings based on floor area.
It should be noted that in the very early stages, the size of the structural element is not available, meaning that the estimating models using floor area (Models 10 to 14) are more fit to be used. Later, when the element size is available, Models 1 to 9 can be used.
The MAPE results are shown in Table 7 . The results indicate that the MAPE values of the developed models range from 21% to 36%, which compares favourably with past reports that indicated that accuracy between ±25% and ±50% at the early stages is acceptable (Lowe et al. 2006; Schexnayder and Mayo 2003; Sodikov 2005) . The results also show that the models built on structural element size have better accuracy than the models built on floor area.
Conclusion
This study aims at developing prediction regression models to compute reinforcement steel quantity in traditional residential buildings based on 158 sets of data collected in the West Bank in Palestine. Fourteen models were developed. Nine models could be used to compute the quantity of reinforcement steel in different structural elements: slabs, beams, columns and footings. The other five models could be used to estimate the total steel quantity in residential buildings. The coefficient of determination R 2 for the developed models ranges from 0.70 to 0.82. This indicates that the relationship between the dependent and independent variables of the developed models is good and the predicted values from a forecast model fit with the real-life data. The accuracy of the developed models was tested using MAPE. MAPE values ranging from 21% to 36% compare favourably with past research that indicated that accuracy between ±25% and ±50% at the early stages is acceptable. The results also show that the models built on structural element size have better accuracy than the models built on floor area. Such types of equations are very useful, especially in their simplicity and ability to be handled by a calculator or a simple computer programme. It has good benefit in estimating project material quantities at early stages of the project because the required input could be extracted easily from the sketches or the scope definition of the project.
It must be remembered that an estimated quantity is not an exact number, but it is an opinion of the probable quantity. However, the accurate quantity could be calculated using the design documents and specifications. 
